Introduction: Primary care providers (PCPs) account for half of opioid prescriptions, often feel chronic pain patients are challenging to manage, and there is wide variability in practice patterns. The purpose of this pilot study was to evaluate the impact of a previsit pharmacist review of high-risk patients treated with opioids for chronic pain on compliance to guideline recommendations at a family medicine residency clinic.
1
Deaths due to opioid overdose have quadrupled since 1999, and more than 28,000 deaths occurred in 2014. 2, 3 The oft-named "opioid epidemic" has prompted increased health care discussion, federal legislation, and guidelines, published by the Centers for Disease Control and Prevention (CDC), for prescribing opioids for chronic pain. 4, 5 The 2016 CDC guidelines recommend multiple strategies to improve therapy and safety when prescribing opioids for chronic pain. 5 Recommendations include combined use of nonopioid pharmacologic therapy for patients who are prescribed opioids, reassessment of benefits and risks in patients with doses Ͼ50 morphine milligram equivalents (MME)/day, avoidance of doses Ͼ90 MME/ day, offering outpatient naloxone to patients at high risk of opioid overdose, use of prescription drug monitoring programs at least every 3 months, use of urine drug testing at least annually, avoidance of concurrent use of opioids and benzodiazepines, and use of evidence-based treatment for patients with opioid use disorder (eg, methadone, buprenorphine, naltrexone, psychosocial treatment), among others.
Primary care providers (PCPs) write approximately half of all opioid prescriptions in the United States. 6 PCPs are often the first contact for patients with chronic pain; however, PCPs often feel that these patients are challenging to manage, and practice patterns, documentation, and compliance with opioid prescribing guidelines vary widely. 6 -10 Many PCPs are unaware of or are underusing tools and resources such as opioid prescribing guidelines, pain assessment scales, opioid abuse risk assessment scales, and urine drug screens. 8, [11] [12] [13] [14] The 2016 CDC guidelines "refer to and promote integrated pain management and collaborative working relationships with other providers (eg, behavioral health providers, pharmacists, and pain management specialists)." 5 However, the impact and best strategies for pharmacist integration in chronic pain management is largely unknown and unstudied, particularly in primary care settings.
Pharmacist involvement in team-based care for patients with other disease states (eg, diabetes, hypertension, anticoagulation) has been shown to improve patient outcomes, reduce cost, improve adherence, increase patient understanding, and reduce physician burden. [15] [16] [17] [18] [19] [20] [21] Because of the need for monitoring and clinician follow-up, the unique pharmacologic properties, and the potential for diversion, opioid therapy in chronic pain presents an opportunity for pharmacist involvement. The current literature on pharmacist engagement in chronic pain management is limited to specialty care settings (eg, palliative care), investigations of patient-centered medical home designation, or descriptive reports. 15, 16, [22] [23] [24] [25] To our knowledge, this is the first published study of the impact of a pharmacist-led intervention focused on comprehensive chronic pain management in a family medicine setting. The purpose of this study was to evaluate the impact of a previsit pharmacist review of highrisk patients treated with opioids for chronic noncancer pain for compliance with CDC recommendations at a family medicine residency clinic.
Methods

Setting and Patients
This study was conducted at a family medicine residency clinic staffed by 17 attending physicians, 12 family medicine residents, 1 sports medicine fellow, 3 physician assistants, 2 dieticians, 1 psychologist, 1 social worker, 1 care manager, and 2 clinical pharmacists. The clinic conducts approximately 150 patient visits each day and prescribes opioids for chronic pain for approximately 250 patients. This study included patients Ն18 years of age who had an appointment for chronic pain during the study period (November 2016 to February 2017) and had been prescribed Ͼ50 MME/day (based on prescription directions or the number of pills prescribed per month) as of the most recent clinic appointment before the intervention. Both prescription directions and number of pills prescribed per month were used because prescribers often titrate and taper by altering the number of pills prescribed without altering the prescription directions, especially for medications with "as needed" directions. The MME per day based on prescription directions for medications with "as needed" directions was calculated using the maximum number of pills per day that the directions allow. A 4-month intervention period was selected because this is a pilot study, it was designed as a rapid-cycle quality improvement project, and extensive pharmacist resources were required. Patients prescribed opioids to treat pain associated with cancer or palliative care were excluded. Patients were identified by manually calculating the MME per day for all patients who had completed an opioid treatment agreement. Completion of an opioid treatment agreement is a clinic requirement for all patients who are prescribed opioids for chronic use. The electronic health record (EHR) was manually reviewed for patients prescribed Ͼ50 MME/day to identify all other inclusion and exclusion criteria. Conversion values used to calculate MME are listed in Appendix 1. All study activities were reviewed and approved by the health system's institutional review board and deemed exempt.
Intervention and Outcomes
The clinic pharmacists reviewed the schedule of patients meeting inclusion criteria each week to identify patients who had upcoming provider appointments for chronic pain. Appointments for chronic pain were identified by reviewing the prior provider notes for each patient and the clinic scheduling documentation. Approximately 1 to 4 days before the appointment, 1 of the clinic pharmacists reviewed the patient's EHR, summarized pain conditions and other relevant health conditions, outlined the patient's current pharmacotherapy plan, and provided recommendations to optimize pain management and opioid prescribing safety. The pharmacists then documented this information in the EHR using a standardized note template and sent it electronically to the provider; when possible, they also discussed it verbally with the provider the day of the appointment. Although the pharmacists had contact with some patients for nonintervention purposes (eg, medication history, education, management of other disease states), the pharmacists did not implement any of the intervention recommendations; implementation was deferred to the prescriber. After 4 months of following of this process, each patient's EHR was manually reviewed by an investigator (EL) who did not participate in the intervention in order to retrospectively collect patient characteristics and study outcomes; a separate investigator (NC) reviewed a sample of patients to ensure accuracy.
The primary outcomes were the mean MME per day (based on prescription directions and the number of pills prescribed per month) and pain scores (on a 1-to-10 scale). Adherence to opioid prescriptions was verified at each appointment. Secondary outcomes included the mean number of nonopioid analgesics prescribed to each patient and the proportion of patients who were concurrently prescribed opioids with benzodiazepines, hypnotics (eg, zolpidem, eszopiclone), or muscle relaxants; were offered an outpatient naloxone prescription; had completed a urine drug screen within the prior 12 months; had a completed and documented review of the state's prescription drug monitoring program within the prior 3 months; had a current or past referral to a pain specialist or physical therapy; and were prescribed a bowel regimen. All secondary outcomes evaluated in this study are based on recommendations or considerations outlined in the CDC guidelines. 5 For each patient, study outcomes were collected on the day of their first intervention appointment, before implementation of the previsit pharmacist recommendations (referred to as "before intervention"). Study outcomes were collected again in February 2017 after 4 months of pharmacists providing previsit recommendations (referred to as "after intervention"). Outcomes for pharmacist and provider time and effort were also collected.
Data Analysis
Outcomes were analyzed by comparing each patient's before and after intervention data. Patient characteristics were summarized using descriptive statistics. The Wilcoxon signed rank test was used to compare continuous outcomes and the McNemar test was used to compare categorical outcomes. Although all patients had a pain score documented before the intervention, not all patients had a second appointment with a provider during the study period and thus an after-intervention pain score was not available; as a result, only patients with data available before and after the intervention were included in the analysis of this outcome. This sample size provided power (80%) to detect an absolute mean difference in pain scores of 1.1; the investigators deemed an absolute mean difference Ͼ1 to be clinically meaningful. Data were analyzed using SAS version 9.4 (SAS Institute, Cary, NC).
Results
During the 4-month implementation of this quality improvement initiative, pharmacist previsit recommendations were provided for 45 patients. Patient characteristics are summarized in Table 1 . The majority of patients (84%) had multiple documented pain diagnoses; the most common pain diagnosis was unspecified joint pain (67%). The majority of patients had documented tobacco use (62%), anxiety (60%), and depression (56%). Overall, 38 patients (84%) had a documented psychiatric diagnosis.
Results for primary outcomes are summarized in Table 2 . When comparing before intervention to after intervention, the mean MME per day based on prescription directions decreased by 17% (P Ͻ .001), and the mean MME per day based on the number of pills prescribed per month decreased by 14% (P Ͻ .001). The analysis of MME per day excluded 1 patient prescribed methadone, whose MME per day was reduced by approximately 720 mg. This patient was excluded to avoid an overstated reduction in this outcome. Of the 27 patients with documented pain scores after intervention, no statistically significant change was found in mean pain scores (P ϭ .783).
Results for secondary outcomes are summarized in Table 3 . Based on after-intervention data, the most common opioids prescribed were oxycodone (49% of patients), hydrocodone (27%), extended-release morphine (20%), and tramadol (16%). The most common nonopioid analgesics prescribed were acetaminophen (64%), oral nonsteroidal antiinflammatory drugs (42%), gabapentin/pregabalin (38%), tricyclic antidepressants (31%), and topical nonsteroidal anti-inflammatory drugs (27%).
Pharmacist and provider effort and time are summarized in Table 4 . Of the 118 provider appointments that occurred during the study period, 87 (74%) were with physicians, 20 (17%) were with advanced practice clinicians, and 11 (9%) were with medical residents. Of the 301 recommendations provided, 114 (38%) were implemented. No difference was found in the proportion of recommendations implemented when stratified by provider type (P ϭ .925). The most common recommendations provided were to initiate/change nonopioid analgesic therapy (100% of patients), consider an opioid taper (96%), refer the patient to a pain specialist (93%), and offer an outpatient naloxone prescription (82%). Of the recommendations provided, those most commonly implemented were to offer an outpatient naloxone prescription (54%), complete a urine drug screen (52%), taper opioid therapy (51%), and initiate/change nonopioid analgesic therapy (49%). Appendix 2 summarizes the types of select recommendations, the frequency they were suggested, and the frequency they were implemented.
Discussion
In this retrospective analysis of a pilot project, a pharmacist providing previsit recommendations to optimize pain management and opioid prescribing safety was associated with decreased opioid use, with no corresponding increase in pain scores. Based on CDC recommendations to avoid Ͼ90 MME/day, the study population could be considered a "high-risk" population for opioid toxicity as the baseline mean value was 135 MME/day. 5 Pharmacist recommendations to consider reducing the opioid dose also included a patient-specific taper schedule and nonopioid analgesic options. The in- Data are mean (standard deviation) unless otherwise indicated. *Only patients with data available before and after the intervention were included in analysis of this outcome (n ϭ 27). MME, morphine milligram equivalent.
crease in nonopioid analgesics prescribed may have helped offset opioid dose reductions, resulting in a nonsignificant change in pain scores. Because of the small number of patients with documented pain scores after the intervention, this outcome may not have been adequately powered to detect a difference of less than 1.1. With regard to concurrent use of opioids with other high-risk medications, benzodiazepine use was the only outcome to have a statistically significant change. Of the 3 classes of medications evaluated in this study, benzodiazepines are the only class the CDC guidelines specifically recommend to avoid concurrently prescribing with opioids. 5 Nearly half of patients were concurrently prescribed benzodiazepines at baseline, which is likely explained by the large number of patients with documented anxiety. Pharmacist recommendations to discontinue benzodiazepines or hypnotics also included a patientspecific taper schedule (if applicable) and alternative options to treat anxiety and/or insomnia (eg, selective serotonin reuptake inhibitors, hydroxyzine, buspirone, tricyclic antidepressants).
With the exception of concurrent use of hypnotics and muscle relaxants, the mean number of opioids prescribed, and referrals to physical therapy, all other secondary outcomes showed statistically significant improvements. The lack of improvement in concurrent hypnotic and muscle relaxant use may have been affected by the small proportion of patients receiving concurrent therapies at baseline. In a similar way, the lack of improvement in referrals to physical therapy may be secondary to the large proportion of patients who had already been referred. It should be noted that although only 38% of total recommendations were implemented by providers, the provider acceptance rate was likely higher; many recommendations require substantial time to implement (eg, benzodiazepine taper), and often multiple provider visits are required to implement all planned changes. In addition to providing an evaluation of pharmacist engagement in chronic pain management in a primary care setting, this study also provides a descriptive report of base- Data are n (%) unless otherwise indicated. *"Current" is defined as completed within the preceding 12 months. † "Current" is defined as completed and documented within the preceding 3 months. PDMP, prescription drug monitoring program; SD, standard deviation. line pain management practices with regard to guideline recommendations. Certain clinic characteristics may have contributed to the success of the pharmacist intervention. As a family medicine residency clinic, the clinic has a culture of learning and frequently engages in clinic quality improvement projects. The clinic has a strong interdisciplinary health care focus and has had a clinical pharmacist for over 20 years. In addition, given the recent national attention on opioid prescribing, providers may have been more aware of the need for practice change. Based on the pharmacist time required for each review, this intervention is feasible to implement at other clinics. Given the results of this study, the pilot site's health system is currently working to implement this intervention in all its community clinics. We hypothesize that this pharmacist engagement model can be applicable to a wide variety of primary care settings. Future studies should seek to validate the results of this study on a larger scale.
The results of this study are consistent with other investigations of pharmacist-led interventions in the palliative care and oncology care settings. 16, 22, 23 Wilson et al 23 reported that implementation of pharmacist recommendations in a palliative care setting was 1 of the strongest predictors of patients achieving desired outcomes. Because the purpose of this study was to evaluate the impact of a previsit pharmacist review, and in an attempt to evaluate an intervention that could feasibly be added to other current pharmacist clinic responsibilities, the pharmacists did not implement any of the intervention recommendations but rather deferred implementation to the prescriber. Other settings may consider adapting the intervention, as several recommendations could have implemented by the pharmacists, for example, through the use of standing orders. For clinics without a pharmacist, computer alert systems and other team members could be used to identify patients and potential interventions. However, we hypothesize that the success of this intervention is a result of the pharmacists providing patient-specific solutions. For example, while another team member could identify patients concurrently taking opioids and benzodiazepines and note that a urine drug screen was due, most nonphysicians do not have the training of pharmacists that would allow them to provide a benzodiazepine taper schedule and potential alternatives for anxiety that are appropriate for the particular patient, and to interpret the obtained urine drug screen. However, although other team members and computer alert systems may not be able to completely replicate pharmacist involvement, they could be used to streamline the process to decrease the pharmacist's time per patient.
Our study has several limitations. First, the method used to identify the patient population (ie, manual calculation of MME per day for patients who had signed an opioid treatment contract) may not be feasible to use at clinics looking to implement this pharmacist intervention. Other clinics may not require opioid treatment contracts nor have the personnel and time resources to manually calculate MME per day for patients. Second, given the recent national attention on opioid prescribing, the results may have been partially affected by prescribers who were self-motivated to change opioid prescribing practices. During the study period, however, no other quality improvement projects focused on pain management or opioids were occurring at the clinic. Third, opioid use was based on prescription directions and the number of pills prescribed per month, combined with patient confirmation of adherence to the regimen. Prescription directions represent the maximum potential MME on a given day, and the number of pills prescribed per month represent the average MME per day. However, these, along with patients' report of adherence, are not perfect measures of use and could result in information bias. Finally, because some patients called to schedule same-day appointments, a small number of patients did not have pharmacist previsit recommendations provided before their appointment and, as a result, were excluded from this analysis. In addition, patients were identified from among those who had completed an opioid treatment agreement; although a clinic requirement, it is possible that a small number of patients had not completed the agreement and were inappropriately excluded. Based on internal clinic reports, however, Ͼ95% of patients chronically prescribed opioids had completed the agreement.
Conclusions
In a family medicine residency clinic, provision of previsit recommendations by clinical pharmacists for patients at high risk of opioid toxicity was associated with decreased opioid use with no corresponding increase in pain scores, decreased concur-rent opioid and benzodiazepine use, increased nonopioid analgesic use, and increased compliance with CDC guideline recommendations. This intervention could be used at other primary care clinics to optimize chronic pain management and opioid prescribing safety. 
